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Tubular Bone Anchoring Element 

The invention relates to a tubular bone anchoring 
element (implant) for prosthetic constructions. 

It is previously known to anchor temporarily or per- 
manently for example epitheses and hearing aids as well as 
tooth crown and tooth bridge constructions by means of 
oseo-integrated implants, often via extension units, so 
called abutments, perforating mucous membrane. The implants 
most often comprise compact threaded screws which are 
screwed into the bone after a screw hole has been drilled. 
Either the implants are allowed to be oseo-integrated after 
covering by mucous membrane and are then connected with 
abutments after perforation of the mucous membrane, or the 
implants are connected directly to the abutments thereof or 
the prosthetic construction, 

DT 2628485 Al describes an arrangement for anchoring 
artificial teeth as a tubular structure. Both the side wall 
and the end wall of the tube are perforated so that the lu- 
men of the tube is in direct connection with the bone tis- 
sue outside the tube (see Fig. 19), or the wall is porous 
to be able to let through liquid and tissue components from 
the bone as well as covering connective tissue. This in- 
volves a very great risk for contamination between the 
mouth cavity and the lumen of the tube if an infection 
arises around the implant. If there additionally arises 
some bone resorption around the implant, as is most often 
the case the consequences can be devastating for the im- 
plant when the infection and bone resorption extend to the 
lumen of the implant via hollows and porosities in the im- 
plant wall. This prior art implant has no threads neither 
on the inside surface nor on the outside surface of the 
sidewall but it is stated that there may be a helical ridge 
on the outside surface. The implant is substantially in- 
tended to be hacked or pressed down into a trephine-drilled 
groove. The lumen thereof moreover has a bone contact sur- 
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face. The implant referred to cannot provide conditions of 
bone enlargement. Moreover it has preferably an outside 
diameter of only 4 mm. 

A less immediate example of an implant is disclosed 
5 in WO 96 19 947, This implant certainly is tubular but only 
at the apical third part thereof, i.e. the third part most 
remote from the tooth crown. The upper part located adja- 
cent the tooth crown is compact and is received by a blind 
hole for a screw attachment for the abutment of the tooth 

10 crown. This means that this implant has a small bone con- 
tact surface and requires removal of a considerable amount 
of bone at the insertion of the implant. The small exten- 
sion of the apical cavity implies that the implant does not 
provide conditions for bone enlargement. It is not provided 

15 with threads neither on the outside surface nor on the in- 
side surface of the sidewall. Also this implant preferably 
has an outside diameter of only 4 mm. 

EP 0 083 558 describes a bone anchoring element com- 
prising a tubular implant to be inserted into bone tissue 

2 0 for anchoring a prosthetic component located outside the 

bone said implant being open at one end which is intended 
to be inserted into the bone tissue while the implant at 
the other end, intended to be directed towards portions lo- 
cated outside the bone tissue is closed by a compact imper- 

25 meable end wall portion having an attachment for the pros- 
thetic component on the outside thereof the lumen extending 
from the open end through the total implant to the end wall 
portion so that the lumen after insertion of the implant in 

. _ the. bone tissue .includes, at least the total portion. of .the .- 

3 0 implant, which is intended to be anchored in the bone tis- 

sue . 

The bone anchoring element according to the invention 
is of this kind and the object thereof is to provide a bone 
anchoring element having exceptional support contact be- 
35 tween bone and implant so that there is obtained a great 
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primary stability and a great torsional resistance also at 
installation in bone tissue having a limited bone height. A 
secondary object then is to effect the insertion of the 
implant at a minimum of bone cutting. 
5 The bone anchoring element according to the invention 

as defined in claim 1 is characterized in that the implant 
has a compact impermeable side wall with an inside or out- 
side stop to be engaged with the bone tissue in order to 
define an end position for the implant when being inserted 

10 into the bone tissue, and that the lumen of the implant in- 
cludes also a cavity located in the end wall portion and 
open towards the lumen, the lumen as a consequence thereof 
having such extension that it after insertion of the im- 
plant into the bone will be located also above the bone 

15 level established around the implant. 

Due to the shape thereof the implant provides an 
exceptionally great contact between bone and implant in re- 
lation to the length (height) and diameter thereof an ex- 
ceedingly small removal of bone in connection with the in- 

2 0 stallation of the implant being required. This makes the 

implant particularly suited for installation in bone tissue 
having a limited bone height and particularly in situations 
where the extension of the bone sidewise in relation to the 
direction of insertion of the implant is relatively large. 
25 Due to its shape and potentially large contact surface 

against adjacent bone the implant will have a unique pri- 
mary stability and therefore can effectively take up verti- 
cal forces as well as side forces immediately after instal- 
lation of the implant in the bone. 

3 0 Further features of the invention are defined in the 

dependent claims . 

The inside side wall surface of the implant in the 
closed end of the tube can form a conical ceiling or a cu- 
pola so that the lumen of the tube completely or partly 
35 fills the tower which forms the closed portion of the im- 
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plant. This lumen after the installation of the implant in 
the bone will be located above the bone level established 
around the implant. Shortly after insertion of the implant 
and oseo integration thereof the lumen will be filled by 
5 ingrowing bone from the bone surface in the implant tube. 
That bone ingrowth takes place from bone surfaces bordering 
on apertures in titanium cupolas or titanium tubes has been 
shown in a plurality of studies on animals (Lundgren D. et 
al, 1995, Lundgren AK. 1999) as well as human beings (Ham- 

10 merli et al, 1996) . By the bone ingrowth the contact sur- 
face of the implant against the bone will be further 
increased in relation to prior art cylindrical tubular or 
compact implants. The implant presented herein thus can be 
said to have the unique property to be bone enlarging, i.e. 

15 it provides conditions for regeneration of corporal bone in 
connection with existing bone but outside the original bone 
contour. This improves also successively anchoring of the 
implant by enlarged contact surface towards the bone with- 
out it being necessary to make use of the deeper portions 

2 0 of the bone. 

Summarizing the unique design of the implant thus 
provides several advantages. These include extremely large 
bone contact surface and low invasivity, i.e. only rela- 
tively superficial bone portions have to be engaged. More- 

25 over, the implant will be anchored substantially in the 
outer bone layer which has a large proportion of compact 
bone, i.e. bone with high bone density which increases the 
primary stability and the torsional resistance, which also 
is promoted by the extension of the implant sidewise which 

30 is also favourable considering the load receiving ability 
of the implant. The bone building properties of the implant 
are added to this . 

The implant does not require an abutment between the 
implant and the construction to be anchored by the implant. 

35 Preferably the implant has threads on the outside as well 
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as the inside of the sidewall and are then screwed* into the 
bone. These threads can be synchronized and preferably have 
double entrances in order to allow screw attachment as rap- 
idly as possible. Alternatively, the total inside side wall 
5 surface or parts thereof can be provided with micro threads 
and also the upper portion of the outside sidewall surface. 
Studies have shown that micro threads are particularly 
suitable in order to avoid loss of bone tissue about that 
portion of the implant which penetrates the bone in the 

10 border zone at the overlying soft tissue. 

The implant provides a bone contact surface which is 
at least two times that of a compact cylindrical implant 
with a corresponding length and diameter. Also in situa- 
tions with small bone height the implant despite its in 

15 that case small length (height) provides a bone contact 
surface which is substantially larger than that of a con- 
ventional cylindrical full-length implant (10 mm) with nor- 
mal diameter (4 mm) and therefore can easily take up suffi- 
cient load in order to support the prosthetic construction. 

20 The implant requires a bone cutting which is only 

about a fifth to a third of that for a compact cylindrical 
implant of a corresponding length and diameter and about a 
fourth to half of that for a compact implant of conven- 
tional length and diameter (10 x 4 mm) . 

25 A combination of small bone cutting and large bone 

contact surface provides a bone implant quotient which is 
substantially greater than that of compact implants. 
Likely, this provides a greater propioceptive sensitivity 
and thus an earlier reaction on applied occlusive forces 

30 which should be a protection against mechanical overload. 

Location of the implant so that the walls thereof are 
a tangent to the transition zone between compact and spongy 
bone moreover causes that the implant during the early in- 
tegration is not sensitive to too low, spongy bone density 

35 (large marrow spaces) . 
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An implant having a large diameter moreover provides 
a mechanical primary stability which is of importance at 
immediate loading waiting for the biological bone reaction 
which takes place after installation of the implant and in 
the long run secures the oseo integration of the implant. 

The large bone contact surface causes that the im- 
plant can be inserted into bone with a very low bone 
height, for example the scull bone and the bone of the 
lower jaw above the mandibular canal with the vessel nerve 
string thereof, and the bone of the upper jaw below the jaw 
cavities. 

The tubular shape of the implant by the large bone 
contact surface provides a superior anchoring and resis- 
tance against vertical as well as horizontal forces and the 
often large diameter thereof provides a special ability to 
withstand these forces. This means that the implant with 
good prognosis can be inserted with a substantial inclina- 
tion in relation to the main force direction. 

The tubular shape of the implant with a closed ceil- 
ing which after installation of the implant will be located 
above the bone level established around the implant, means 
that the implant can form its own bone by the bone inside 
the implant growing up and filling the space under the 
ceiling of the implant, which further increases the bone 
contact of the implant. Alternatively, this space already 
at the installation of the implant can be filled with cor- 
poral bone in form of bone particles which are collected in 
connection with trephine drilling of the implant seat. An- 
other alternative is to fill the space with a bone substi- 
tute possibly mixed with corporal bone. These measures are 
intended to accelerate the establishment of the largest 
possible bone contact. A further alternative is to supply 
bone stimulating means such as BMP (bone morphogenetic pro- 
tein) or other similar bone stimulating means. Further 
other measures include topographic and/or chemical modifi- 
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cations of the surface of the implant in general and par- 
ticularly the inside surface thereof. It is previously 
known to stimulate to increased and more rapid bone forma- 
tion by means of such methods . The unique feature of the 
5 implant presented herein is however the protected inner en- 
vironment which minimizes disturbances in form of infec- 
tions and mechanical influence on the organization of blood 
coagulation and other healing processes- A plurality of 
studies have shown that spaces defined by titanium walls 

10 and with simultaneous contact with living bone provides the 
possibility of a consequent bone formation in the entire 
closed space. Particularly pronounced is this bone forma- 
tion along the walls of the space and this is true also 
when the space is located in spongy bone (Lundgren D. et al 

15 1995, Lundgren AK. 1999). 

The outside diameter of the implant can vary from 4 
to 16 mm, preferably from 6 to 10 mm. The length can vary 
from 2 to 16 mm, preferably from 3 to 8 mm. The implant 
consists of a material with sufficient biocompatibility and 

20 strength in order to be able to permanently anchor tooth 
crowns, tooth bridges and tooth prostheses or epitheses of 
different kinds such as hearing aids, substitutes for body 
portions, transmitters or receivers for electric functions 
or radio functions. Examples of suitable materials are ce- 

25 ramies, metals or plastics or combinations thereof. An ac- 
tual suitable metal is titanium of suitable quality. The 
invention also relates to a method for insertion of the im- 
plant into bone tissue wherein a recess is established in 
the bone tissue and the tubular portion of the implant is 

3 0 inserted into the recess and is anchored therein. The im- 
plant is inserted into the bone tissue through an opening 
in soft tissue which covers the bone tissue to a depth in 
the bone tissue at which the end wall portion of the im- 
plant is located at or above the surface of the bone tissue 

35 outside the recess. 
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The tubular implant according to the invention and 
the method for the insertion thereof in a jaw bone (or an- 
other suitable bone) now will be described in more detail 
reference being made to the accompanying drawings, in which 
5 FIG. 1 is a vertical cross- sectional view of an em- 

bodiment of the implant according to the invention, which 
is inserted into bone tissue covered by soft tissue (con- 
nective tissue and epithelium) , 

FIG. 2 is a similar view as FIG. 1 of an implant ac- 
10 cording to the invention with extremely small length 
(height) , 

FIG. 3 is a view similar to FIG. 2 after integration 
for some time, 

FIG. 4 is a similar view as FIG. 1 and discloses an 
15 implant according to the invention installed in a bone cav- 
ity after just previously effected tooth extraction, 

FIG. 5 is a view of the implant in FIG. 4 with 
mounted tooth crown, 

FIG. 6 is a similar view as FIG. 4 and discloses an 

2 0 implant which is inserted into an alveolus after extraction 

of a two-root tooth, 

FIG. 7 is a view similar to FIG. 6 after the lumen of 
the implant has been completely filled with bone, 

FIG. 8 is vertical cross-sectional view of a tooth in 
25 the upper jaw with infected roots and damages in the tooth 
attachment, 

FIG. 9 is a vertical cross -sectional view of the al- 
veolus in FIG. 8 after tooth extraction, 

FIG. 10 is a view similar to FIG.. 9 with an implant 

3 0 according to the invention inserted into the alveolus, 

FIG. 11 is view similar to FIG. 10 after the lumen of 
the implant having been filled with bone, 

FIG. 12 is a vertical cross -sectional view which dis- 
closes trephine drilling of bone in the upper jaw, 
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FIG. 13 is a vertical cross-sectional view which il- 
lustrates that a bone pin and a sinus mucous membrane are 
being hacked up by means of a lifter after the trephine 
drilling in Fig. 12, 

FIG. 14 is a view similar to FIG. 13 with an implant 
according to the invention screwed in at the location 
thereof , 

FIG. 15 is a view similar to FIG. 14 with the implant 
completely filled with bone, 

FIG. 16 is a transverse cross -sectional view of an 
upper jaw with jaw cavity after trephine drilling in the 
jaw bone, 

FIG. 17 is a transverse cross -sectional view similar 
to FIG. 16 during lifting of the jaw cavity mucous membrane 
by means of a curved lifter, 

FIG. 18 is a transverse cross-sectional view similar 
to FIG. 17 after insertion of an implant according to the 
invention the implant being filled with bone, 

FIG. 19 is a vertical cross-sectional view of an im- 
plant according to the state of the art with an attached 
tooth crown, and 

FIG. 20 is a explanatory sketch for contact between 
bone and implant for different implant types. 

In FIG. 1 an embodiment of the implant according to 
the invention is inserted into bone tissue which is covered 
by soft tissue (connective tissue and epithelium) . It has 
the shape of a tubular cylinder open downwards with an in- 
ner sidewall surface 1 which at the top joins an inner 
closed ceiling 2 which is shaped as an upwards tapering or 
truncated cone or a cupola. The inner side wall as well as 
the cone or cupola shaped ceiling preferably has small 
horizontal and/or vertical threads or grooves and/or are 
treated by different means and methods in order to present 
by modified topography a desired surface roughness, or by 
chemical influence to present a surface which is particu- 
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larly attractive for surrounding bone tissue. The outer 
side wall surface 3 forms threads. In the embodiment shown 
the outer surface of the cylinder side wall converges 
slightly towards the lower open end of the cylinder. This 
5 side wall surface can, however, also be straight, i.e. non- 
convergent except in the lowermost portion thereof. In an- 
other embodiment both the outer and the inner surface of 
the side wall are provided with synchronous threads pref- 
erably with double entrances for rapid screwing. The two 
10 side wall surfaces can also be provided with synchronic mi- 
cro threads or the inner surface can form micro threads and 
the outer can form a combination of conventional threads 
and micro threads these being located on the upper portion 
of this surface. 

15 The threaded outer surface of the sidewall at the top 

joins a surface 3a which is smooth or provided with very 
small horizontal grooves or ridges or has another structure 
which binds optimally to surrounding soft tissue. In the 
embodiment shown the outer surface of the side wall is 

20 straight but it can also be converging or diverging up- 
wards. Said surface at the top joins a smooth horizontal 
shoulder 4 on which the actual tooth crown TK rests. The 
shoulder towards the centre joins an upwards converging 
surface 5 which forms a tower that at the bottom thereof 

25 has six vertical side surfaces 6. The outer surface of the 
tower is provided with horizontal grooves 7 for cement re- 
tention of the tooth crown and terminates at the top in a 
horizontal plane in which there can be provided a threaded 
blind hole 7a. The vertical surfaces arranged on the sides 

3 0 of the tower resist rotation of the cemented (and possibly 
also screw fastened) tooth crown but are also motivated in 
order that it would be possible to establish a key engage- 
ment for screwing the implant into the bone in a rational 
manner . 
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Surfaces 1 and 3 of the side wall preferably are 
given a micro topography which promotes bone formation and 
bone compacting in connection with the surface as rapidly 
as possible. This can be achieved by means of grooves and 
5 ridges of optimum size or by means of etching, milling, 
electrolyses treatment or in another way in order to pro- 
vide the correct "roughness" for maximum bone binding. The 
surface can also be treated chemically by entrainment of 
fluor, calcium ions or in another way in order to further 
10 improve the binding to adjacent bone tissue. 

The tube implant according to the invention avoids to 
interfere with the mandibular canal KN owing to the small 
length (height) thereof in spite of small bone height. 

The implant shall be provided with a stop mark to de- 
15 fine an end position for the implant at insertion into the 
bone tissue. This stop mark can comprise an inside or out- 
side stop shoulder which can be formed by the inside of the 
end wall and can be engaged with the bone tissue. 

The intraoral jaw bone crista often has a generous 

2 0 width when the bone height is small, which favours tubular 

implants having a large diameter. Such an implant then can 
be located so that the side wall thereof buccally (towards 
the cheek) and lingually (towards the tongue) preferably 
involve the transient zone between the outer cortical (com- 
25 pact) bone and the intermediate spongy (marrow rich) bone. 
This zone has plenty of bone forming cells and at the same 
time allows optimum use of the dense, compact bone which in 
studies has been found to promote stability and torsional 
resistance of the implant due to the fact that this bone 

3 0 has a more or less continuous contact with the implant 

(Meredith N. 1997) . 

The implant in FIG. 2 has very small length (height) 
in relation to the width thereof. The implant is quite re- 
cently screwed into the jaw bone and one observes the space 
35 immediately below the ceiling of the implant which has not 
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yet been filled with bone but contains blood and other 
healing components from the produced surgical wound in the 
bone. However, after healing for some time the space will 
be completely filled with bone, FIG. 3. 
5 In FIG. 3 there is shown a tubular implant having the 

same length as that in FIG. 2 but with larger diameter. The 
bone B after some weeks to months has grown into the upper- 
most portion of the lumen of the implant closed at the top 
in contact with the cone or cupola shaped ceiling and as a 
10 consequence thereof the bone contact of the implant has in- 
creased further. A tooth crown TK has been cemented to the 
implant. Observe that the implants according to both FIG. 2 
and FIG. 3 are substantially anchored in the outer compact 
bone. 

15 The implant according to the invention can also ad- 

vantageously be placed directly in a tooth alveolus immedi- 
ately after tooth extraction or after alveol healing for 
one or two weeks, which is shown in FIG. 4 where the tubu- 
lar implant Rl is installed in a bone crista with the al- 

20 veolus filled with granulation tissue G after a quite re- 
cently effected tooth extraction. If the diameter of the 
implant is adjusted such that the outer diameter thereof is 
almost as large as or larger than the upper (marginal) di- 
ameter of the alveolus the side wall surface of the implant 

25 further down (apically) will be surrounded by bone at the 
inside as well as the outside and eventually will be filled 
in the lumen thereof by bone ingrowth from the alveolus 
walls and the alveolus bottom. This is shown in FIG. 5 
- - where the alveolus is -completely filled- with bone AB as is 

30 the entire lumen of the implant including the uppermost 

portion ODB. The implant is provided with a tooth crown TK. 

A special advantage of the possibility to place an 
implant in an alveolus immediately after or in an early 
stage after tooth extraction is that it is easy to orient 

35 oneself both sidewise and along the height. In the side 
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portion of the upper jaw below the jaw cavities there is 
the additional advantage that the implant can be anchored 
in a bone structure which if it is not utilized often tends 
to be resorbed so that a considerable bone height is lost 
sometimes so clear that there is no more than one or two 
millimeters bone left below the jaw cavities. 

Teeth which have several roots such as some forward 
cheek teeth and the majority of the rear cheek teeth gener- 
ally have such a bone anatomy that it is particularly fa- 
vourable to a tubular implant of the type presented herein. 
In alveoli of teeth having several roots there is namely 
always in the apical (deepest) portion thereof a central 
bone portion formed as a ridge or a triangle of the bone 
located between the tooth roots. If compact implants were 
to be installed in such an alveolus it should either be 
necessary to place two implants (two-root teeth) or three 
implants (three-root teeth) or to place an implant having a 
very large diameter centrally in the alveolus and it would 
be necessary to remove the bone ridge or bone triangle by 
drilling. The tubular implant presented herein can be 
placed centrally in the alveolus while maintaining said 
bone ridge. This provides a primary stability which is 
unique and moreover the bone ridge can relatively immedi- 
ately deliver new bone cells and thus new bone for filling 
of the lumen of the implant. FIG. 6 discloses an alveolus 
after extraction of a two-root tooth in bone crista where 
the implant Rl according to the invention has been in- 
stalled. According to FIG. 7 the alveolus and the total lu- 
men of the implant are filled with bone, AB and ODB. 

FIG. 8 discloses a tooth of the upper jaw with in- 
fected roots and damages in the tooth attachment. The tooth 
is extracted and after extraction the alveolus is filled 
with granulation tissue G just about to heal, FIG. 9. As is 
shown in FIG. 10 a tubular implant Rl is inserted into the 
alveolus which is under healing. Eventually the total al- 
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veolus and the lumen of the implant is filled with bone, 
FIG. 11. 

If one faces a situation with very small bone height 
under the jaw cavities the tubular implant disclosed herein 
5 can be used for lifting the mucous membrane of the jaw cav- 
ity simultaneously as the implant is being installed. The 
procedure is that there is drilled according to FIG. 12 a 
trephine groove with a trephine drill TR to a position just 
under the mucous membrane of the jaw cavity. Then, a thin 

10 bone layer B is hacked or pressed to the bottom of the 

groove by means of a lifter L together with the sinus mu- 
cous membrane S and the bone cylinder which is attached to 
the mucous membrane and has been removed from other bone by 
drilling into the jaw cavity, FIG. 13. Then the implant RJ 

15 is installed, FIG. 14, the implant maintaining the mucous 
membrane with the bone pin in the intended position. If the 
bone under the jaw cavity as an average is for example 3 mm 
thick (high) it is easy to install a tubular implant which 
is 6 mm in length and thus lifts the mucous membrane and 

20 the bone pin 3 mm. The space which is then created below 
the lifted mucous membrane beside the bone pin will be 
filled with the coagulated blood which transforms into 
healing tissue (FIG. 15) which rather rapidly will be con- 
verted into bone. It is also possible to place corporal 

25 bone and bone substitute both in the tubular implant before 
it is installed and in the bone cavity created below the 
mucous membrane of the jaw cavity around the implant but 
bone formation will take place also without these measures. 
This has been shown i.e. by Lundgren S. et.al (20 03) with a 

30 compact cylindrical implant. They lifted the mucous mem- 
brane of the jaw cavity by means of surgical operation with 
so called window technique where a window is drilled to the 
jaw cavity via the outer sidewall thereof. The advantages 
with the implant presented herein is that it is not neces- 

35 sary to open a bone window, that a smaller amount bone has 
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to be removed by drilling and that a tubular implant having 
a larger diameter than conventional cylindrical implants, 
with the side wall surface thereof will be closer to the 
buccal and lingual side walls of the jaw cavity, which in- 
5 creases the primary stability, and that the implant as such 
is used for lifting the mucous membrane. 

FIG. 16 to 19 disclose a special technique for inser- 
tion of the implant according to the invention in the bone 
of the upper jaw below the jaw cavity and the integration 

10 into this jaw bone. The soft tissue which covers the jaw 
bone (B) has been punched away so that the bone where the 
implant is to be located (the implant seat) has been uncov- 
ered (FIG. 16) . In the illustrated example the bone has a 
relatively smooth surface perpendicularly to the direction 

15 for inserting the implant but is not thicker than about 3 

mm. After the centre of the implant seat has been marked by 
means of a small round drill the groove Sp into which the 
implant is to be screwed is drilled by means of a trephine 
drill to the desired depth. By means of a lifter having 

20 ears the mucous membrane of the jaw cavity is lifted, FIG. 

17, and then the trephine groove can be made deeper, so 
that a tubular implant with a thread height of 6 mm, FIG. 

18, can be screwed in to the intended position by means of 
an implant carrier/tightener which has an inner hex which 

25 matches the outer hex surfaces 6 of the tower. The implant 
is installed with a torsional force which usually amounts 
to 3 0 to 40 Ncm. If the implant is not self -tapping a screw 
tap is needed which either can be double, i.e. can cut in 
both the outer and the inner wall of the trephine groove, 

30 or can cut only in the outer wall. According to illustra- 
tion by means of arrows in FIG. 18 bone will grow into the 
b ase portion of the implant as well as the tower thereof. 
FIG. 19 discloses the situation after some months when bone 
tissue fills the total implant over the original bone level 

35 of the implant seat. 
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It should be noted that the trephine drill in some 
situations can be so dimensioned in relation to the inner 
sidewall of the implant and the thread tap that there will 
be a clearance of about 0.1 mm (0.05 + 0.05 mm) between 
5 these and the inner bone wall of the groove. This is made 
in order not to risk that the bone pin (B) will be broken 
and come loose at drilling if the spongy bone is considered 
to have very low density or the pin is very narrow. Previ- 
ous studies have shown that such a small distance does not 
10 prevent a normal oseo integration, i.e. intimate healing of 
the bone tissue directly against the implant wall. 



